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Abstract—Abdominal surgery is associated with a signiﬁcant
risk for incisional herniation. Hernia repair is routinely
performed by implantation of synthetic meshes. Such meshes
may cause serious adhesions between the implanted material
and organs leading to intestinal obstruction or enterocuta-
neous ﬁstulas. This study compares three knitted meshes for
their capacity to prevent adhesion formation in an in vivo
study. The meshes evaluated are polypropylene (Prolene),
polypropylene coated with oxygenated regenerated cellu-
lose—in principle—a biodegradable biomaterial (Proceed),
and Prolene coated with a nondegradable copolymer of the
hydrophilic building block N-vinyl pyrrolidone (NVP) and
the hydrophobic building block n-butylmethacrylate (BMA).
The meshes were implanted in the abdomen of rats (follow-
up 7 or 30 days). After 7 days, the formation of adhesions
decreased in the order: Prolene>NVP/BMA-coated Pro-
lene>Proceed; after 30 days, this order changed into:
Proceed>Prolene>NVP/BMA-coated Prolene. Both
at 7 and at 30 days, Proceed was the only mesh surrounded
by macrophage cells that contained foreign materials, pre-
sumably degradation products of the (biodegradable) surface
coating. The data indicate that long-term protection of
implanted meshes against excessive adhesions may be
achieved through stable biocompatible hydrogel surface
coatings.
Keywords—Abdomen, Adhesion, Biocompatibility, Surgical
mesh, Surface modiﬁcation, Inﬂammation.
INTRODUCTION
It is well known that abdominal surgery is associ-
ated with a signiﬁcant risk for incisional hernia; the
incidence has been estimated in the range of 10–
20%.16,22 The best method to repair these hernias is to
implant a synthetic mesh that bridges the abdominal
wall defect in a tension-free manner.6–8,20 Such meshes
are implanted in an open procedure or, with increasing
frequency, laparoscopically. Despite important clinical
successes, it is obvious that the ‘‘ideal’’ mesh is still not
available. For instance, meshes can become contracted
and/or infected after implantation.9,24,25 Furthermore,
adhesions between the visceral side of the mesh and
adjacent organs can occur.12,24,26 These complications
may have serious consequences, such as chronic pain,
recurrence of the hernia or even intestinal obstruction
and enterocutaneous ﬁstulas.14,26
A review of the literature on the use of polymer
meshes for incisional hernia repair learned that studies
of biomaterial–tissue interactions have hardly played a
role in the development of these implants. The
majority of the commercial meshes are made out of
knitted polypropylene (PP) ﬁbers (e.g., Prolene,
Marlex, Trelex). PP is strong, chemically stable, and
highly hydrophobic, but the material is by no means
designed to engage in any favorable interaction with
adjacent cells or tissues.24,27 Clinical experience, as well
as animal experimentation, revealed extensive adhe-
sions of tissues to the mesh as a frequent complication.
However, there are clear indications that surface
modiﬁcations of PP meshes can help to inﬂuence tissue
reaction and thereby reduce adhesion formation.5,26
Also, the frequent occurrence of adhesive interactions
between the visceral side of the mesh and the bowel,
leads one to suspect that the mesh surface may be too
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hydrophobic. This could explain why cells show an
exceptionally strong afﬁnity for these meshes.
The ideal mesh would have to show integration with
the tissue of the abdominal wall (primarily to prevent
mesh migration and hernia recurrence), but no adhe-
sions whatsoever on the visceral side. Based on this
idea, Van’t Riet et al. recently performed an interesting
in vivo model study, in which they implanted mesh
structures that were coated with collagen on their vis-
ceral side.26 There was a clear positive effect of the
collagen coating, with less visceral adhesions. Others
have more or less successfully used different coatings
from a biological origin such as sodium hyaluronate/
carboxymethylcellulose10,26 or an absorbable layer of
oxidized regenerated cellulose.14,15,26 Of course, it
remains to be established whether or not these coatings
are capable of adhesion prevention in the long term. In
view of the fact that biological coatings are susceptible
to hydrolytic or enzymatic degradation, it must be
expected that these coatings will not provide long-term
non-adhesiveness.
We hypothesized that a stable, synthetic, and
biocompatible hydrophilic coating might be the bio-
material of choice in this respect. Herein, we report a
study in which commercial PP mesh (Prolene,
Ethicon, Johnson & Johnson, Somerville, NJ, USA)
was coated with an adherent hydrophilic copolymer,
which was designed, synthesized, and fully charac-
terized in our laboratory. The material was prepared
from N-vinylpyrrolidinone (NVP) and N-butylmeth-
acrylate (BMA) as the hydrophilic and hydrophobic
building blocks, respectively. The choice for this
biomaterial was based on our previous experience
that these copolymers feature excellent biocompati-
bility, e.g., in contact with blood, ocular epithelium,
and bone.2,13,18,23 The coated mesh was compared in
a series of experiments in vivo (using a rat model)
with the uncoated Prolene and coated Proceed
mesh (Ethicon, Johnson & Johnson, Somerville, NJ,
USA). The latter is a three-layer composite of a PP
mesh, an absorbable layer of oxidized regenerated
cellulose, and an intermediate layer of polydioxa-
none. Adhesion formation was scored macroscopi-




The hydrophilic copolymer was prepared from
NVP and BMA (both monomers were puriﬁed by
vacuum distillation), as described previously.11 Brieﬂy,
the monomers were mixed (molar ratio 1:1), radical
initiator (AIBN, 1.5 molar%) was added, and the
mixture was transferred into a Teﬂon tube that
was closed with a stopper on one end. The tube was
immersed in an oil bath interfaced with a time/
temperature control system. After 24 h, the materials
were obtained as glassy rods. These were cut in pieces,
and dissolved in ethanol (10 g of copolymer in
500 mL) under continuous mechanical stirring. The
resulting viscous solution was mixed with the same
volume of ethanol, and 500 mg of triethyleneglycoldi-
methacrylate (TEGDMA) was added. After homoge-
nization, the solution was applied as an all-around
coating onto the PP mesh (Prolene). The coated mesh
was dried in an oven (65–70 C) for 24 h. This led to
polymerization of the TEGDMA as a nonsoluble
three-dimensional macromolecular network. This net-
work prevents the dissolution of the hydrophilic bio-
material after implantation. All meshes were sterilized
by treatment with ethylene oxide, degassed for at least
1 week and subsequently packed individually in sterile
pouches.
Water Contact Angle Measurement
The water contact angle was measured by the sess-
ille drop method. First, the NVP–BMA coating was
applied to a glass surface as a thin homogeneous
layer. A standard object glass for light microscopy was
used for this purpose. Then, after thorough drying as
described above, we placed approximately 10 water
drops of 10 lL onto the surface. The resulting drops
were photographed from the side, using a digital
camera with a macrolens. The water contact angles
were measured from the images.
Experiment and Animals
Thirty-nine rats of the Wistar strain, weighing 250–
300 g were housed and cared for at the Central Animal
Facilities of the University of Maastricht according to
the appropriate standards. The experimental protocol
was approved by the Committee of Animal Experi-
ments of the University of Maastricht. The meshes
were randomly implanted in the abdomen of rats;
(i) implantation of a standard PP mesh (Prolene)
(n = 15), (ii) a coated PP mesh (Proceed) (n = 12), or
(iii) a NVP/BMA-coated Prolene mesh (n = 11).
Meshes were all sized 30 9 20 mm2. With the Pro-
ceed and NVP/BMA-coated Prolene mesh the
coating was adjacent to the viscera. At 7 and 30 days
postimplantation rats were sacriﬁced, adhesions were
scored macroscopically, and the meshes were harvested
to be processed for histology. This study was per-
formed independently from all the manufacturers.
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Surgical Procedure
Throughout the procedure, nonpowdered sterile
gloves were used. Rats were anaesthetized with
ketamine hydrochloride (100 mg/kg) and xylazine
(5 mg/kg). The abdomen was shaved and the skin
disinfected with 2% iodine, and covered with sterile
drapes. The abdomen was opened through a midline
incision of 4 cm. The mesh was introduced intraperi-
toneally and ﬁxated with two sutures of polypropylene
4-0 (Prolene, Ethicon, Johnson & Johnson, Somer-
ville, NJ, USA). Thereafter, the peritoneum and fascia
were closed with a running suture of polyglactin 4-0
(Vicryl, Ethicon, Johnson & Johnson, Somerville, NJ,
USA). The skin was closed intracutaneously with a
running suture of polyglecaprone 4-0 (Monocryl,
Ethicon, Johnson & Johnson, Somerville, NJ, USA).
Functional Macroscopic Evaluation
Rats were sacriﬁced by an overdose of CO2 inha-
lation. Directly after sacriﬁce, the abdomen was
opened widely along the circumference of the mesh.
The incisions were made along three of the four sides
of a rectangle; the fourth side served as a hinge for the
mesh and adherent tissues. This procedure ensured
that the meshes were not damaged, and that proper
evaluation of any adherence between the mesh and
adjacent tissues was possible. The amount of adhesion
formation was then scored macroscopically. In the case
of adhesions the organs involved were recorded and a
photograph was taken. A qualitative scoring system
according to the literature was used.1,12,26 For each
implant, adhesion scores were determined by two
independent researchers, on the basis of three sub-
scores: (i) extent (0, no adhesions; 1, 1–25%; 2, 26–
50%; 3, 51–75%; 4, 76–100% of the mesh surface
involved); (ii) type (0, no adhesions; 1, ﬁlmy; 2, dense;
3, capillaries present), and (iii) tenacity (0, no adhe-
sions; 1, easily fall apart; 2, require traction; 3, require
sharp dissection). When different scores were attrib-
uted to a sample, the score of a third independent
researcher, blinded to the study group and the scores
of the ﬁrst two researchers, gave a majority for one of
the two ﬁrst scores. The percentage of meshes which
had an adhesion with organs including liver, spleen,
bowel, and stomach was also examined. Hereafter all
implanted meshes along with surrounding tissues were
retrieved for histological examination.
Microscopy
Scanning electron microscopy was performed with a
Philips XL 30 instrument, 12 keV. Fluorescence and
bright ﬁeld microscopy was performed with a Nikon
Eclipse E800 instrument (ﬂuorescence setting; Texas
Red ﬁlter (excitation, 540–580 nm; dichroic mirror
595).
Histology
After macroscopic evaluation the mesh was locally
excised with the surrounding tissue (~1 cm). Each
excised specimen was split in four equal pieces and
ﬁxated in vials with a 4% formaldehyde solution.
After dehydration in increasing concentrations of
alcohol, two pieces of each specimen were embedded
in glycol methacrylate (Technovit 7100; Heraeus
Kulzer, Wehrheim, Germany). These were then sec-
tioned at 5 lm and stained with hematoxylin & eosin
(H&E). The samples were evaluated by an experi-
enced animal pathologist not familiar with the speciﬁc
background of the diﬀerent meshes. Tissue adjacent
to the visceral side (i.e., PP with Prolene, oxidized
regenerated cellulose with Proceed, and NVP/BMA
with the NVP/BMA-coated Prolene mesh) was
scored for inﬂammation at 7 days, granulation tissue
at 30 days, and intestinal organ (e.g., bowel, liver,
etc.) adhesion formation (- meaning absent, +
slightly present, ++ moderately present, +++ abun-
dantly present). Presence of (i) giant cells, (ii) granulo-
cytes, (iii) ﬁbroblasts, and (iv) macrophages were also
scored accordingly.12,21
Statistics
Based on pilot work, the sample size was determined
based on the power analysis of Sachs, with a power of
80%, two-tailed and a conﬁdence interval of 95%.
This resulted in a minimum of six meshes per group
for the qualitative adhesion scoring system as
described in literature.1,12,26 Statistics were performed




Figure 1 shows the Prolene, Proceed, and NMP/
BMA-coated Prolene mesh structures. Note that the
knitted patterns for Prolene and Proceed are
markedly different, also with respect to pore density
and pore size. Application of the NVP/BMA copoly-
mer as a thin adherent coating onto the Prolene mesh
structure proceeded without difﬁculties. It was found
to be essential that the concentration of the copolymer
in the alcohol solution was kept below 1.5 mass%. At
higher concentrations (i.e., at higher viscosities), it was
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unavoidable that pores were partially or completely
ﬁlled with copolymer. Scanning electron microscopy,
especially suitable for evaluating the surface mor-
phology, revealed a smooth and very regular surface
(Fig. 1c). In order to evaluate distribution of the
coating, a piece of PP mesh was only partly coated
with NVP/BMA solution to which a trace of the
ﬂuorescent dye Rhodamine 6 was added. With ﬂuo-
rescence microscopy, the coating was clearly identiﬁed
on the treated and not on the untreated side (Fig. 2). A
uniform distribution of the coating can therefore be
ascertained. As for hydrophilic features, the applica-
tion of the NVP/BMA coating resulted in a moderately
hydrophilic surface, as was shown in our previous
work.11 Speciﬁcally, the NVP/BMA coating used in
this work (molar ratio NVP:BMA = 9:1) gives a water
contact angle in the range of 32–36. In comparison
with PP (water contact angle of 85–8711), the surface
hydrophilicity has increased substantially as a result of
the surface treatment. Furthermore, ﬂexibility of the
mesh was not inﬂuenced by NVP/BMA coating
although this was not veriﬁed in any quantitative
manner. Both the increased hydrophilicity and the
surface smoothness resulting from the coating are
responsible for the observed differences in biomate-
rial–tissue interactions (vide infra).
General Observations
All animals recovered quickly of anesthesia and
were thriving and well during the entire experiment.
One rat (Proceed group) died just after implantation,
most likely due to anesthetic overdose.
Functional Macroscopic Evaluation
A typical example of an explanted NVP/BMA-
coated Prolene mesh (30 days follow-up) is depicted
in Figs. 3a and 3b. In this particular case, extent
(0, no adhesions; 1, 1–25%; 2, 26–50%; 3, 51–75%; 4,
76–100% of the mesh surface involved), tenacity (0, no
adhesions; 1, easily fall apart; 2, require traction;
3, require sharp dissection), and type (0, no adhesions;
FIGURE 1. Photographs of different meshes. (a) Prolene mesh (b) Proceed mesh. Note the difference in knitted patterns (the
ruler in (a) and (b) shows mm-scale; the spacings are 1 mm each). (c) Scanning electron micrograph of a NVP/BMA-coated
Prolene mesh. Note that the coating results in a smooth and regular surface (scale bar corresponds with 500 lm).
FIGURE 2. (a) Microscopic photograph (bright field) of the
PP mesh partly treated with NVP/BMA solution containing
fluorescent dye Rhodamine. The coating was applied on the
left side of the mesh. (b) Fluorescence microscopy of the
same sample as (a), illuminated with ultraviolet light that
excites the dye. The image reveals that Rhodamine is spread
evenly over the treated part of the mesh.
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1, ﬁlmy; 2, dense; 3, capillaries present) of adhesions
were scored as 2, 2, and 3, respectively. Figure 4 pre-
sents total adhesion scores with different meshes at 7
and 30 days follow-up. At 7 days follow-up, the
adhesion scores decreased in the following order:
Prolene (9.3 ± 0.5)>NVP/BMA-coated Prolene
(7.3 ± 0.5)> Proceed (3.3 ± 0.5); all differences are
statistically signiﬁcant (p< 0.05). Adhesions with
omentum or scrotal fat were observed with virtually all
meshes. Adhesions with abdominal organs like liver,
spleen, stomach, and bowel were observed in 87% of
the Prolene meshes, 83% of the NVP/BMA-coated
Prolene meshes, and 50% of the Proceed meshes. At
30 days follow-up, the order changed into: Proceed
(7.2 ± 1.1)>Prolene (7.0 ± 1.2)>NVP/BMA-coated
Prolene (5.4 ± 0.5). At 30 days, the total adhesion
score of NVP/BMA-coated Prolene meshes was
signiﬁcantly lower than Prolene and Proceed. This
ﬁnding was in concordance with the adhesions found
with abdominal organs (liver, spleen, stomach, and
bowel); 0% with NVP/BMA-coated Prolene, 29%
with Prolene, and 50% with Proceed.
Histological Evaluation
At 7 days follow-up, all implants initiated a
comparable inﬂammatory response. This was accom-
panied by neovascularization, inﬂux of mainly gran-
ulocytes, and ﬁbroblast proliferation. Macrophages
were abundantly present with Proceed and only
slightly or not present with NVP/BMA-coated Pro-
lene and Prolene meshes, respectively. The macro-
phages near the Proceed mesh were also found to
contain foreign material. This probably indicates that
phagocytosis of the Proceed coating (oxidized
regenerated cellulose and polydioxanone) is occurring.
The macrophages observed in the NVP/BMA-coated
Prolene group were large and swollen but not ﬁlled
with foreign material (Fig. 5). The number of gran-
ulocytes and giant cells were comparable for all
groups (Table 1).
At 30 days follow-up, the NVP/BMA-coated
Prolene meshes showed a mild reaction, consisting
of some granulation tissue with mostly ﬁbroblasts,
giant cells, and macrophages. A ﬁbrous capsule
encapsulated the NVP/BMA-coated Prolene mesh
forming all around the NVP/BMA-coated Prolene
mesh (Fig. 5) and no adhesions were observed
(Table 1). The Prolene meshes showed adhesions
together with more granulation tissue, mostly more
ﬁbroblasts.
The Proceed meshes still provoked a reaction
attended with many ﬁbroblasts, giant cells, and mac-
rophages. Again, macrophages ﬁlled with a foreign
material from the mesh were observed, together with a
clearly degraded coating (Fig. 5c).
FIGURE 3. Representative macroscopic views of the meshes after implantation in the rat abdomen. (a) NVP/BMA-coated Prolene
mesh 30 days postimplantation, the abdomen is opened in a U shape enabling a good macroscopic evaluation. The mesh is
indicated by the letter M and the liver by the letter L. Note the site of incorporation (In) and the typical adhesions (Ad) at the
uncoated edges of the mesh. (b) The same rat as in (a), the mesh is lifted, again note the site of incorporation (In) and adhesion (Ad)
formation to the uncoated edges of the mesh. (c) A Prolene mesh (M) 7 days postimplantation, showing adhesion formation to the



















FIGURE 4. Macroscopic adhesion scores at 7 and 30 days
postimplantation. After 7 days follow-up, the Proceed had a
significant (p<0.05) better score (3.3) compared to Prolene
and NVP/BMA-coated Prolene (9.6 and 6.3, respectively).
Interestingly while the adhesion scores of Prolene and NVP/
BMA-coated Prolene meshes improved, the adhesion score
of the Proceed meshes worsened. At this time the adhesion
score of the NVP/BMA-coated Prolene mesh (5.4) was sig-
nificantly (p< 0.05) better compared to Proceed (7.2) and
Prolene (6.7) (* indicates p-values <0.05).
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FIGURE 5. Representative H&E stained sections. (a) Prolene mesh after 7 days follow-up. (b) Prolene mesh after 30 days
follow-up. (c) Proceed mesh after 7 days follow-up. Inset shows macrophages containing foreign material. (d) Proceed mesh
after 30 days follow-up. (e) NVP/BMA-coated Prolene mesh after 7 days follow-up. (f) NVP/BMA-coated Prolene mesh after
30 days follow-up. M, mesh; Mc, mesh coating present in giant cells; m, macrophage; g, granulocyte; G, giant cell.
TABLE 1. Histological assessment.
7 days follow-up n Inflammation Granulocytes Fibroblasts Giant cells Macrophages Adhesions
Prolene 8 ++ ++ ++ -/+ -/+ ++
Proceed 6 ++ + +++ ++ +++ -/+
NVP/BMA coated 7 ++ ++ +++ -/+ + ++
30 days follow-up n Granulation Granulocytes Fibroblasts Giant cells Macrophages Adhesions
Prolene 7 ++ -/+ ++ + -/+ +
Proceed 5 - - +++ ++ +++ -/+
NVP/BMA coated 5 -/+ -/+ + + + -
- means absent; + slightly present; ++ moderately present; +++ abundantly present.
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DISCUSSION AND CONCLUDING REMARKS
This study shows that modiﬁcation of the mesh
surface can modulate the inﬂammatory response pro-
voked by implantation of a mesh. Our clearest obser-
vation of this eﬀect was made through histology on the
30-day follow-up samples of meshes and surrounding
tissues. The uncoated Prolene meshes were found to
invoke a moderate inﬂammatory response in their
immediate vicinity, characterized by the presence of
active macrophages. A stronger inﬂammatory response
was observed with the Proceed meshes, presumably
due to ongoing phagocytosis of the oxidized regener-
ated cellulose and polydioxanone coating. Remnants
of foreign material were observed in macrophages and
giant cells. The NVP/BMA-coated Prolene mesh
initially provoked a profound acute inﬂammation.
After 30 days, only a mild inﬂammatory reaction was
left. At this stage, these meshes were found to be sur-
rounded by a ﬁbrous capsule. Although not exclusively
proven, encapsulation of the mesh may prevent adhe-
sion formation in the long term.
Macroscopically, diﬀerent grades of adhesions were
observed at 7 and 30 days follow-up. Most remarkable
were the adhesions with Proceed. Although adhesion
scores were the lowest at day 7, they increased by day
30 and exceeded adhesion scores of NVP/BMA-coated
Prolene mesh and Prolene. The adhesion scores of
the NVP/BMA-coated Prolene and Prolene mesh,
however, declined toward day 30. A possible expla-
nation might be the prolonged activation of the mac-
rophages with Proceed. Activation of macrophages
induces the release of inﬂammatory cytokines and
attracts cells like ﬁbroblasts. Prolonged presence of
active ﬁbroblasts then might induce more tenacious
adhesions, as observed.14,26 Overall, the results of the
microscopic analyses (histology) and the macroscopic
adhesion scores were consistent.
Interestingly, Baptista et al. have reported that
inﬂammation leads to adhesions, generally within
7 days.3 We observed, in most cases, fewer adhesions
after 30 days, as compared to 7 days follow-up, which
is in agreement with ﬁndings of Burger et al.5 who also
showed that adhesion formation may decrease at
30 days follow-up. The only exception was the Proceed
mesh, with an increase in the adhesion effect between 7
and 30 days follow-up. It is generally accepted that
evaluation of meshes at 7 and 30 days represents dif-
ferent phases of wound healing. At 7 days, the
inﬂammatory phase has just ended, and the prolifera-
tive phase has just started. At 30 days, the remodeling
phase has started and prosthetic material covered
with a lining of autologous cells (neoperitoneum) is
expected not to form any new adhesions.5 Adhesions
that have formed before, however, will remain a
persistent inﬂammatory process, even in adhesions
aging over 20 years.4 It is tempting to argue that the
remodeling phase may lead to a decreased adhesion
formation. Since adhesion formation changes even
until 30 days follow-up, it is hard to predict when the
remodeling phase will end, what should be deﬁned
as long-term follow-up, and what will be the ﬁnal
adhesion formation.
Our data reveal that the stable hydrophilic polymer
mesh coating has a beneﬁcial eﬀect on adhesion for-
mation after implantation of a mesh, albeit that our
experiments were carried out in a validated rat model
deviating from the actual application: repair of inci-
sional hernias. Incisional hernias are a major surgical
complication occurring in at least 10–20% of all
abdominal operations and need to be repaired in about
one third of these patients.6,17 Large trials have shown
that hernia repair should be performed by mesh
placement and no longer by primary resuturing of the
hernia because of unacceptably high recurrence
rates.7,19 Mesh repair, however, is not free from com-
plications, with signiﬁcant factors being technical fail-
ure such as insufﬁcient ﬁxation of the mesh to the
abdominal wall and complications which are a result of
the mesh biomaterial itself. The latter is especially true
if the biomaterial provokes inﬂammation, or if its sur-
face is prone to bacterial infection. Biomaterials which
are currently used in this particular application (i.e., PP
and poly(tetraﬂuoro)ethylene) may be optimized using
a stable coating and this may ultimately translate into
decreased failure rates for incisional hernia repair, to
the beneﬁt of a large group of patients.
Finally, four remarks may be appropriate:
1. The predictive value of this study may be more
speciﬁc for clinical cases in which the mesh is
implanted in direct contact with the viscera and not
separated from the viscera by an intact peritoneum.
2. In this study the aim was to examine the biocom-
patibility and adhesion formation of three differ-
ent mesh surfaces. Fixation of the mesh to the
abdominal wall is clinically relevant to prevent
hernias to reoccur. In our study, the two Prolene
sutures used for ﬁxation always resulted in a good
local incorporation. This aspect will be examined in
future studies.
3. Since it is not clear if adhesion formation changes
after 30 days, a follow-up beyond 30 days is needed
to precisely evaluate the performance of the NVP/
BMA-coated Prolene meshes over the course of
time.
4. A hydrophilic coating (degradable or stable) may be
exploited in another manner as well, i.e., as a res-
ervoir for controlled release of an antibiotic agent.
A hydrophilic surface per se may play a role in the
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prevention of bacterial adhesion,9 while controlled
swelling of the coating after implantation provides a
means to engineer and control the release kinetics,
at least in principle.
Points 1, 3, and 4 are subjects of further investigations
in our laboratories.
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